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John Blain

0 WED Transportation Systems Inc.
Jud PerKki ns
Di ck Wiedenbeck
Dan el sh

0 Japan Mnistry of Construction
Takashi Yajima
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Hidetoshii Arakawa
Masakazin Ishikawa
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The contents of this Executive Summary are the responsibility of the
Consultant. This report does not necessarily reflect the policies or plans
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DALLAS FI XED GUEIDEWAY RAPI D TRANSI T MODE ANALYSI S
EXECUTI VE  SUMVARY

This Executive Summary presents an overview of the relevant findings of the
Dal | as Fi xed Guideway Rapid Transit Mbyde Anal ysis. It is intended for
those interested in the results of the study investigations; consequently,

it does not include the supporting analyses and engineering. These can be
found in the referenced sections of the Final Report

This Executive Summary consists of five parts. Section 1.0, Study
Obj ectives, describes the purpose and objectives of the study. Section
2.0, Study Approach, explains the nethods used to conduct the eval uations
and produce the findings. Section 3.0, Prototypical Evaluation, presents
key issues of vehicle procurement, system operation, and urban integration
for each of the five nodes studied. Section 4.0, Corridor Analysis
summari zes the engineering requirenents of the nodes in both a rail and
hi ghway corridor, and presents the capital, operating and maintenance, and
total annual costs for all nodes in each of the two corridors. Section 5.0
sunmari zes a discussion in the Final Report about a decision making process
for transit node selection

1.0 STUDY OBJECTI VES

The Dallas Fi xed Guideway Rapid Transit Mde Anal ysis was conducted for the
City of Dallas at the specific request of the Dallas Gty Council. The
purpose of this study was to determine the relative feasibility and costs
of a straddl e-beam nonorail systemin typical Dallas corridors, conpared
with four other fixed-guideway nmodes: i€TS, |ight rail, pre—meitmy, and
rapid rail.

The primary study objectives were: 1) to prepare a conprehensive
eval uation of straddl e-beam monorail technology as it currently exists, 2)



to nmake a point-by-point descriptive conparison of the nonorail node with
the four other nodes, 3) to conpute and conpare total costs for all nodes
in both a highway and rail corridor alignnent, across a range of capacity
levels, and 4) to present the information to the City and the DART Board to
aid in the assessnent of potential transit nmodes for Dallas

2.0 STUDY APPROACH

To acconplish the study objectives, the work was divided into two najor
parts: 1) Prototypical Evaluation and 2) Corridor Analysis. The first
part was designed to evaluate procurenent, system operation, and urban
integration-related strengths and weaknesses for all nodes. The second
part was structured to estimate node performance and capital, operating
and maintenance, and total costs in the specified corridors

The prototypical evaluation involved a nunber of steps: 1) collecting
technical data on all nodes, to develop a current and consistent data base;
2) preparing evaluation criteria to judge the nodes: 3) conparing all nodes
and identifying potential key issues; 4) investigating each key issue by
study team nenbers; 5) identifying of those key issues of nmpst concern to
decision nakers in Dallas, and 6) estimating unit eegt data for use in the
corridor analysis.

The corridor analysis consisted of: 1) definition of the node alignments
and profiles for a highway and rail corridor; 2) devel oping an operations
plam, including a demand profile and service periods, for each alignment
3) defini ng trackworrk/eamssy configurati on and guideway support systens
and other physical facilities; 4) estimating total capital costs: 5)
estimating operating and maintenance costs; 6) estimating total annua
costs; and 7) preparing a (hypothetical) fare analysis. Al costs were
conputed for each of the five nodes that were feasible in the two typica
alignments for the four peak passenger capacity |evels



2.1 MODES

Five nodes were eval uated: 1) straddl e beam nmonorail, 2) Internediate
Capacity Transit System(i€fS),, 3) light rail, 4) pre-metra, and 5) rapid
rail. They are shown in Figure 2-L.

There are currently two potential suppliers of straddl e-beam nonorail; VED
Transportation Systems, Inc. has an existing system at Disney Wrld (Mrk
V) and a concept for urban transit service (Mark W).. Hitachi Ltd. has an
exi sting system(Tokyo-Hamedry),, a new vehicle undergoing final testing at
Kitakyusiiu, and three urban systenms currently under design or
construction. The investigation of nonorail focused on these exanples.

For ICTS, a fully automated system under devel opment by the Urban
Transportation Devel opment Corporation (WFDC),, the investigation focused
on results fromvehicle testing at the Kingston, Ontario test track and
specifications for contractually committed projects in Vancouver, Detroit,
and Toronto.

For light rail, the Duwag t-2 vehicle and associated conponents, currently
in operation in San Diego, Calgary, and Ednonton was selected as a typical
vehicle. Light rail was defined as operating only at-grade, except for
necessary grade crossings at railroads and major arteriials. For pee-
nmetro, the sanme light rail vehicle (Duweg) was used. The difference
bet ween |ight rail and pre-metre i S t hat pre-mettre woul d operate i n sefii—
exclusive, generally elevated, right-of-way. Finally, for rapid rail, the
new Budd vehicle for the Mam and Baltinore systems was used as a typical
exanpl e of the node.

2.2 ALI GNMENTS
Three alignments were developed. The first was generic and prototypical,

so that procurenment, operational, and urban integration issues could be
addressed, and unit costs could be devel oped in advance of the total cost
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estimation tasks. The remaining two alignnments, one in a highway corridor
and one in a railroad corridor, were devel oped so that operations and costs
coul d be assessed in a nmore specific inplementation environment

The highway and rail corridor alignments are shown in Figure 2-2. Their
vertical profiles are summarized in Figure 2-3. These alignnments have 20
stations and are approximately 26 mles long. The highway corridor follows
the Stemmbns Freeway in the north and the South Central Expressway and the
Hawn Freeway in the south. The rail corridor follows the MKT Railroad in
the north and the Southern Pacific Railroad right-of-way in the south
These alignments are representative of the |and uses, devel opnent
intensities, right-of-way availability, geometric constraints, patronage
level s, and adjacent street traffic volunmes that woul d be encountered in
all corridors in Dallas

3.0 PROTOTYPI CAL EVALUATI ON

This section summarizes the major findings from the analysis of potentia
key issues identified as part of the prototypical evaluation phase of the
study effort. These major findings are described below in three sections

1) Procurenment |ssues
2) System Operation |ssues
3) Uban Integration Issues

N neteen evaluation criteria were identified and used to evaluate each of
the modes. The follow ng discussion summarizes the information presented
in Section 5.0 of the Final Report, and focuses on those issues which are
considered to be key issues for decision makers in Dallas. Al system
I ssues are discussed here; cost information is presented in Section 4.0.
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FIGURE 2-3
CORRIDOR VERTICAL PROFILES
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3.1 PROCUREMENT | SSUES
Four evaluation criteria were considered under this heading: 1) Maturity
of System Technol ogy, 2) Sources of Supply, 3) Significant Risk Itens, and

4) Design Life.

3.1.1 Maturity of System Technol ogy

A key consideration in selecting anoagthe nodes is the performance record
of the technol ogy. Specifically, how nuch operating history has the
equi prent devel oped, and in how nany applications simlar to those being
consi dered in Dallas

0 Rapid rail, light rail, and pre-mettreo are accepted as mature
t echnol ogi es based on their extensive service histories in North
Anerica and throughout the world in hundreds of applications

0 Both the existing WED Mark |V and the Hitaehii—{Hamdm Systens are
also mature technologies in their particular applications.
These designs are not appropriate for transit use in Dallas. A
nonorai |l system for Dallas would be a new design

0 Nei ther the WED Mark V concept nor the newdesign Htachi system
for Kitakywsshin iS in passenger service, although the latter is
currently being tested and the systemis under construction

0 ICTS is a fully automated system for which considerabl e test-
track testing has been perforned. However, actual passenger
service experience with t€FS wi |l not begin until late 1984.

Maturity of system technology is considered to be a key issue for decision
makers.



3.1.2 Sources of Supply

In making a node decision, one nust be assured that equipnment for the node
selected can be procured conpetitively both initially and in the future

0 There are approximtely 26 manufacturers of light rail vehicles
and 33 manufacturers of rapid rail vehicles in the Americas,
Europe, and Japan. For most recent U S. urban transit projects,
there have been two to ten bidders. Thus conpetitive bids and
future availability of conpatible vehicles and equi pment is
virtual ly assured

0 There are only two potential suppliers of straddle beam nonor ai
systems: Hitachi Ltd. and WED Transportation Systems, Inc

0 Hitachi is currently designing and/or constructing three new
nonorail systems in Japan, but has not formulated specific plans
for marketing its nonorail systemin the US. It has, however
successfully entered the U S. rapid rail vehicle market, and
provides a range of transit vehicles in Japan and el sewhere

0 VED has designed and constructed nonorail systens at Disneyland
(Mark I'11) and Disney Wrld (Mark 1V). Recently it has decided
to market its transportation equipnent, including nonorail, for
other applications. It has a Mark V nonorail system concept for
urban use, but has not conpleted design, engineering, prototype
fabrication, and qualification testing

0 The current Htachi and Disney Mark V nonorail systems are not
conpati bl e: Hi tachi vehicles can not operate on a system
designed and constructed for WED, and vice versa. Thus, price
conpetition would exist on the initial procurenment, but would be
unlikely on subsequent procurenents, unless one manufacturer
were to make maj or adaptations to make his design conpatible
with that of the other



0 Al though the WED and Hitachi nonorail designs both derive froma
single original design (Mweg),, there are no legal relationships
between the conpanies, or other restrictions, which would
preclude them from bi ddi ng agai nst each other in a conpetitive
procur enent

0 Any procurenent of the ICTS system would involve a single
supplier, UTDC; therefore, no price conpetition would exist

Source of supply is considered to be a key issue for decision nmakers.

3.1.3 Significant Risk Itens

Whenever new transit equipment is placed in service, there is risk that the
program may be delayed, and revenue operations degraded by failures unti
the new equipnent is properly "debugged". This criterion identifies any
such risk associated with the five nodes

0 Provided that standard, off-the-shelf designs are specified, the
risks associated with rapid rail, light rail, and pte-mettre are
wel | understood, because of the extensive service histories of
the equipnent.

0 The WHD Mark V nonorail is a new conceptual design, based on the
existing Mark IV equi pment. Nuner ous aspects of the Mark IV
would require redesign and/or replacement in the Mark V.
Whenever multiple adaptive redesigns such as this are undertaken
sinul taneously, there is risk of cost inpacts and program del ay
due to unforeseen devel opments with those el ements which wll
require a redesign or replacement. The magnitude of this risk is
uncertain, and cannot be definitively assessed until final
design of the Mark V is conpleted

-10-



0 The new Hitachi monorail systemis currently being tested. I't
appears that this nmonorail could be deployed in the US. in an
urban application with mniml change and risk

0 There is a relatively high risk of ~cost inpacts and
inplenentation delays with ICFS because it incorporates
significant technological advancenments which have not been
tested in revenue service

Procurenent and technology risk is considered to be a key issue for
deci sion makers.

3.1.4 Design Life

Because of the large capital investment required, any public transit
system nust incorporate hardware which can operate at a high |evel of
performance for nmany years

0 Vehicles for rapid rail, light rail, and pre-metre are typically

designed for a 30-yemr |ife, and, in the past have often operated
wel | in excess of this period.

0 In the judgenent of the Consultant team the WED Mark V nonor ai
concept, the new Htachi nonorail, and ICTS coul d achi eve a
design life of 30 years in an urban environnment, based on the WED
Mark 111 and Mark IV nonorails, the Htachi Haneda nonorail and

Kiitakyusthin pr ot ot ype vehicle, and the ICTS prototype vehicle,
respectively.

Design life is considered not to be a key issue for decision makers.

-hh-



3.2 SYSTEM OPERATI ON | SSUES

Seven evaluation criteria were identified under this heading. They
i ncl ude: 1) System Capacity, 2) Operation in Ice Conditions, 3)
Branchi ng/ Networking Capabilities, 4) Train Mikeup, 5) Failure Managenent,
6) Reliability, and 7) Safety.

3.2.1 System Capacity

It is inportant to select a node which will transport the range of
anticipated passenger volumes: thus, a capacity analysis was perforned for
each of the nodes using the prototypical, highway and rail corridors. The
contract-specified capacity |evels exam ned were 5,000; 10,00®; 20,000;
and 30,000 passengers per hour (pph) on the peak link in the peak travel
direction.

0 Rapid rail and pre-netie can meet the 30,000 pph capacity |evel.

0 Monorail and light rail can meet the 20,000 pph capacity |evel.
Light rail would require some grade separated intersections and
a downtown transit nmall.

0 ICTS can exceed the 10,000 pph capacity level. It could reach
the 20,000 pph capacity level if its advanced train contro
systemis denonstrated in revenue service to attain turnbacik
operations at 85-seeond headways.

Capacity is considered to be a key issue for decision makers. This issue

includes meeting initial capacity requirenents and the ability to expand
to future estimted |evels.

=12~



3.2.2 Operation in Ice Conditions

A ehimattellegiicsdl factor whi ch nmust be acknow edged is occasional w nter
ice storms in Dallas. This evaluation criterion addresses each node's
ability to operate in such conditions

0 Loss of traction due to ice/snow accurul ation affects the
propul sion and braking of fixed guiideway transit. Rapid rail,
pre—mettre, | i ght rail, and I€T8 will be ninimiallly affected due
to their steel wheel /) steel rail design

0 Monorai | operation in ice conditions is uncertain. WED has no
experience in such conditions; although Tokyo has a clinate
simlar to Dallas, Htachi officials related no significant
operating experience in icy conditions. Consequently, it could
be necessary to heat sections of a Dallas nonorail beamway near
stations and on grades and curves. This will affect capital and
operating costs of the system but should solve this potential
probl em

0 Al'l nmodes could require selective heating of power distribution
rails and switches, but this is not a differentiating factor
among the nodes.

Operating in ice conditions is an aspect that decision makers should be
cogni zant of, but is not considered to be a key issue in selecting anmong

the nodes.

3.2.3 Branchi ng/ Net wor ki ng Capabi lities

Flexibility of system operation is achieved through the ability of one or
more transit lines to branch to forma network throughout the service area
This feature is also desirable to assure that a fixed guiideway transit
system can be expanded in the future to serve increased demand or new
areas.

-13-



0 Rapid rail, pee-neitra, |ight rail, and ICTS nodes all use
conventional railroad switches for branching and networking
nmaneuvers. Such switches allow merge, diverge, and crossover
nmovements. Therefore, these nodes are considered very flexible
and can branch and form networks w thout difficulty.

0 Monorail switching requires that an entire beam segnent be noved
out of the beamway al i gnment and replaced w th another segnent,
thus nmonorail switching is inherently nore difficult because of
its greater mass. It can take up to ten tinmes as long to cycle a
monorail switch as a railroad swtch

0 The nature and physical configuration of monorail swtching can
I npose special constraints on its urban deploynent relative to
rail systenms: the greater area required by nmonorail swtches
may be a physical constraint, and the greater cycle time nay
I mpose operational headway constraints at higher passenger
capacity levels. Mnorail systens are technically capable of
branching, but they are not well-suited for extensive network
applications. Monorails can certainly be used in urban
applications, but the design of an urban nonorail system shoul d
incorporate configurations that minimze the disadvantages
I nherent in nonorail swtching

Branching and networking capability is considered to be a key issue for
deci si on makers.

3.2.4 Train Makeup

The Hitachi rmonorail systenms currently incorporate couplers at each end of
a unit and routinely change the units making up a train. The existing Mrk
|V trains do not have such couplers, but the proposed WED Mark V nonor ai
is planned to have them  Thus both nonorail systens have (or could have)
consist flexibility generally equivalent to that exhibited by current rai
systems and ICTS. Train makeup is not a key issue for decision nakers.

14~



3.2.5 Failure Managenent

Transit systems must be capable of continued operations when nalfunctions
occur. This evaluation criterion focuses on inherent differences in the
capabilities of each node to work around failures

0 Because all nodes have or will have coupling features on the
vehicles, recovery of stalled trains can be acconplished by
pushing or pulling with another train.

0 Fai | ure managenent for nonorail systens is potentially nore
difficult because its el evated beamway confi guration does not
nornmal Iy include a wal kway alongside, thus limting access to
stalled trains. A monorail switch is nmore difficult to to nove
manual |y than railroad-type switch, thus a monorail swtch
failure would cause greater operational inpacts than a rai
switch failure

Failure management is considered to be a key issue for decision nmakers

3.2.6 Reliability

Systemreliability is an essential aspect of transit performance, since
failures drastically reduce the level of service provided by the system

0 Light rail, pre—metre, and rapid rail systems have denonstrated
acceptable levels of reliability through extensive operations

0 Both the Htachi and WED Mark |V nonorail vehicles currently in
service have exhibited excellent reliability records in their
respective applications. The reliability of these systems is
commensurate with the recorded reliability of US. rapid rai
systens, and far better than the average of U S. light rai
syst ens.

-15-



0 Reliability for the proposed WED Mark V, the new design Hitach
vehicles, and the £CT8 system have not been established.

Reliability is considered to be a key issue for decision makers.

3.2.7 Safety

Passenger safety is an inportant aspect of transit service. This criterion
addresses unique safety issues of each of the nodes.

0 M xed traffic, light rail operations are nore susceptible to
acci dents involving autonobiles and pedestrians. Available data
indicate total accident rates of two times, and collision
accident rates of ten times, higher than those experienced in
rapid rail or pre-meitr® systems with exclusive rights-of-way.
There have been very few reported nonorail accidents

0 Provi sions for energency evacuation of passengers fromtransit
vehicles is of concern. Wth the exception of the Seattle
nonorai|l system wvirtually every fixed guideway transit system
in urban revenue service in the United States has emergency
wal kways for access to cars by operating personnel and for
energency evacuation of passengers. I ncluding such wal kways
reduces the aesthetic and cost advantages of the nonorai
beamuey . Energency slides on nonorail vehicles have been
proposed by WED and can be useful for emergency evacuation in
sone situations. Even with such slides, emergency wal kways
woul d be essential in areas where the beanway i s higher than 25
feet, over water, or over other adverse environments where
slides cannot be used. The nmintenance requirenents and the
potential liability consequences of not providing wal kways al ong
ot her sections of nonorail beamway must be seriously weighed
agai nst the asthetiie and cost benefits derived fromonitting
them

-16-



Safety is considered to be a key issue for decision nmakers.
3.3 URBAN | NTEGRATI ON | SSUES

This section sunmarizes those issues affecting the ability of the nodes to
be effectively integrated into an urban environnent. The eval uation
criteria in this category include: 1) Visual Intrusion of Elevated
Structures, 2) QOperations in Mxed Traffic, &) Physical Barriers, 4)
External Noise, 5) Geonetric Constraints, and 6) | nplenmentation Time.

3.3.1 Visual Intrusion of Elevated Structures

Any fixed-guideway transit system using elevated structures wll visually
intrude on neighborhoods it serves. Some nodes require nore massive
el evated structures than others. The extent of this intrusion by different
nmodes is dependent on the specific area and can be largely subjective

0 At a distance, the visual mass of nonorail beanway and el evated
rail structures is simlar. The vertical dinension of the
beamway i s about the sane as for the guideway of other nodes.
However, the |ess-frequent colum spacing of the monorail and
ICTS gui deways tends to reduce their visual inpact, and make
them | ess intrusive

0 Near or under the system the thinness and separation of the
monorai | beafiways provide a nore "open" structure, allow ng nore
light to reach the ground, and giving a "lighter", nore pleasing
appear ance. As many people in built-up areas will view the
transit systens from below, the nmonorail beanmway can constitute
less of a visual intrusion than conventional transit structures.
Addi ng a wal kway to the nonorail beamways coul d reduce its
visual advant ages.

17—



0 The el evated power wires and supporting structures required by
the pee-mettreo node will add to the visual intrusion of pre netro
el evated structures.

Visual intrusion of elevated structures is considered to be a key issue for
deci si on makers.

3.3.2 Operation in Mxed Traffic

This evaluation criteria affects only light rail and pre-netre as the ot her
modes of this study cannot operate in mxed traffic with autonobiles nor
have grade crossings at streets.

0 Operation of light rail vehicles along city streets creates a
potential interference with autonobile traffic, and vice versa

0 There are locations along the typical corridors in Dallas where
autonmobi l e traffic and trai n headways at hi gher capacity |evels
wi Il produce unacceptable nobility interferences. The nunber of
| ocations and the extent of traffic congestion and transit
system del ay depends on traffic volunmes and train frequency.
There will be relatively few such | ocations bel owthe 10,000 pph
capacity level and not many nore at the 20,000 | evel. These
potential problenms can be solved by a judicious use of at-grade
gates, grade separations, and downtown transit malls

M xed traffic operation is a design issue of which decision makers should
be cognizant; it is not considered to be a key issue

3.3.3 Community Physical Barriers

Transit systems can create physical barriers in communities. The method of
depl oyment determnes the level of barrier that results. In increasing
order of severity, the nost divisive inplenentation nethods are:,,

-18-



1.0 Subways (essentially no barrier)

2.0 El evated structures, which allow autonobile and pedestrian
traffic to nove freely bel ow

3.0 Light rail transit with at-grade crossings.

4.0 At-grade, fenced right-of-way for any transit node (conplete
barrier).

The potential for creating community physical barriers is an aspect of the
nmodes and their design that could be a key issue for decision nakers.

3.3.4 Exterior Noise

The potential for unplesaat noi se inpacts on nearby observers and
residents is an inportant characteristic of the nodes.

0 Wthout accounting for train length variation and noise
attenuation effects, at-grade and elevated rapid rail is the
noi si est nmode investigated, and WED Mark 1V nonorail is the
quietest. Rapid rail is considered to be in the "annoying" to
"very annoying" range.

0 Adjusting each nmode for varying train lengths to satisfy
capacity requirements and accounting for noise attenuation
neasures, light rail and ICTS are the quietest and Hitachi
monorail is the noisiest of the elevated nodes. At-grade, WED
Mark |V nmonorail is the quietest and rapid rail is the noisiest.
It is anticipated that attenuation neasures for the rail nodes
woul d be needed in several |ocations throughout a corridor.
Their use woul d reduce the noise to levels significantly bel ow
the "annoying" human response range at 50 feet.

-] Q-



Wth appropriate noise attenuation measures, exterior noise is considered
not to be a key issue for decision makers.

3.3.5 Geonetric Constraints

ICTS, light rail, and pre-metire are capable of negotiating significantly
sharper horizontal turns than rapid rail or nonorail: less than 100 ft.
conpared with 250 ft. These different capabilities can affect the anmount
of land required to deploy different nodes and thus the method and cost of
bui l ding the systemin an urban environnent. This could be significant in
the selection of a node for Dallas, depending upon the alignment(s) that
are selected.

Geometric constraints is an aspect of the nodes about which decision nakers
shoul d be cognizant; it is not eonsiiderd to be a keyi ssue.

3.3.6 I nplenmentation Tine

The relative inplementation tines for the nodes were investigated, with
the follow ng findings:

0 From an anal ysis of somerecent transit inplenmentations, the
projects that have denmonstrated the shortest conpletion times
are l'i ght rail proj ects i nvol ving at - grade
construction/rehabilitation of existing railroad rights-of-way.
When el evated construction is required, precast guideway designs
al so allow fast construction times.

0 Any node utilizing subway construction will take the |ongest
timet 0 construct.

0 The actual determi nation of inplementation time of any node

requires a specific analysis of the proposed project, corridor,
and al i gnnent.
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I npl enentation tine could be a key issue for decision makers in choosing
bet ween nodes with at-grade and el evated or subway guideway al i gnments.

4.0 CORRI DOR ANALYSI S

The findings of the detailed corridor analysis can be grouped into two
categories: 1) unique physical characteristics or constraints resulting
fromthe application of the nodes in the rail and highway corridors, and 2)
capital, operation and mmintenance, and total annual costs of each node

In the corridor analysis, the nonorail npode was defined as a conposite of
Htachi and WED technol ogies. The WED Mark V concept urban vehicle is not
sufficiently defined to pernmt operations and cost analyses, thus the
Htachi vehicle was used. The WED guiideway design is nore appropriate than
that of Hitachi for the Dallas area: thus the nonorail guideway in the
corridor analysis was like the current WED Mark |V design, but nodified to
support the larger and heavier urban vehicles.

4.1 PHYSI CAL AND OPERATI ONAL CHARACTERI STI CS

In the corridor analysis, specific requirements were established for each
node. These requirenents included passenger stations guideway and tiighit—
of-way. Vehicle fleet, labor requirements, and other inpacts varied by
mode, by alignnment, and by gquideway exclusivity. Mde differences were not
always significant, given the sinmlarity of the basic requirements. These
i ssues are discussed at length in Sections 8.0, 9.0, and 10.0 in the Fina
Report. An overview is given bel ow.

4.1.1 Stations

| nportant aspects of stations in the corridor analyses are as follows:

0 The light rail node allows the sinplest station designs due to
its at-grade configuration
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0 Station |engths depend on node and capacity |evels. They varied
from150 ft. (rapid rail at the 5,000 | evel) to 500 ft. (pre-
metro at the 20,000 and 30,000 | evel s).

0 Stations in the highway alignment were nore conplex than in the
railroad alignment, because of right-of-way constraints and
limted passenger accessibility afforded by certain highway
| ocat i ons.

4.1.2 Guideway and Ri ght - of - \ay

Rail Corridor. In the rail corridor, guideway alignments and profiles were
determ ned by available right-of-way and node guideway exclusivity

requirements.

0 Light rail would operate at-grade the entire length of the rai
corridor except for a few grade separations at major arterials
and railroads. Pre-mettre woul d al so operate at-grade for nost
of this corridor; it would be elevated in the €BD.

0 Mnorail, ICI§, and rapid rail would be grade-separated
(generally elevated) in the northwestern and €BD section of the
rail corridor, but in some of the southeastern section they
woul d operate at-grade in a protected right-of-way.

0 In the rail corridor, relatively little |and outside of the
existing railroad rights-of-way woul d have to be acquired. A
fixed guideway transit systemwoul d necessitate relocating sone
existing railroad tracks

H ghway Corridor. In the highway corridor, guideway alignment and profile
were dictated largely by the existing highway configuration
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Along the freeways investigated, the outer separation between
the main travel lanes and the frontage road along the east side
woul d generally be the best location for transit guideway.

Light rail at-grade cannot be placed in the specified highway
al i gnnent .

Al though colums could physically be placed in the medians of
most of the freeways, State Departnent of Higitiaye smd Public
Transportation cl earance requirements, station desi gn
difficulties and costs, and station accessibility would preclude
the use of the nedian area for fixed guideway transit.

The highway corridor would require significant amounts of
additional right-of-way, both for stations and for guideway. It
woul d al so require relocation of sone existing buildings,
frontage roads and ranps, and railroad tracks. A ong the South
Central Expressway, existing highway alignnent and | and uses
south to the Hawh Freeway do not allow for transit guideway in
the outer separation; new right-of-way east of the frontage road
woul d be needed

A 3.2-niifie downt own subway was al so investigated for the hi ghway
corridor to conpare subway and el evated system costs

4.1.3 Vehicl e Fl eet

The nunber of vehicles required for each node is a function of node
capacities and performance, and of guiideway exclusivity. Because of the
simlar length and nunber of stations in the two corridors exam ned, fleet
requirements for both the corridors were simlar.

Rapid rail required the fewest vehicles because it has the
hi ghest capacity vehicle. Fleet size ranged from 46 vehicles at
the 5,000 pph capacity | evel to 278 at the 30,000 | evel .

-23-



Pre-nettro had the second | owest vehicle requirenents, about 30%
to 40% nore than the rapid rail fleet

The monorail and light rail nodes required about the same number
of vehicles: about 70% nore than the nunber of rapid rai
vehicl es.

ICTS required the highest nunber of vehicles: about 2.6 times as
mapy as rapid rail

4.1.4 Labor Requirenents

Operating and maintenance |abor requirenments are primarily. a function of
passenger-carrying requirenents and vehicle capacity. The nunber of

length and type of guideway, and |ocal operating and managenment

policies also affect |abor requirements

At the 5,000 capacity level, |light rail and nonorail were
estimated to have the |owest personnel requirements (393 and
408, respectively), pre-netire and rapid rail about 420, and I€TS
about 450..

At the 10,000 and 20,000 capacity levels, rapidrail was
estimated to have the | owest number of personnel, prinmarily
because it has the fewest vehicles and operating trains. At
these levels, the nunber of nonorail and pre-meitre enpl oyees
were simlar, and were greater than rapid rail. Light rail and
ICTS had the nost enpl oyees at these |evels.

Rapid rail had about 1,100 enpl oyees at the 30,000 | evel ; pke-
metro, the only other node to serve this |evel, had about 1,250.

ICTS required the nost total |abor, prinarily because of the
capacity limtation of its trains and the local requirenent for
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drivers on each vehicle, which would negate a major potentia
advant age of ICTS: automated operation

4.1.5 Travel Tine

Differences in travel times between the nodes were significant in the
corridor analyses

0 Modes operating in an exclusive corridor (nonorail, ICTS§, and
rapid rail) had simlar travel tines

0 Light rail in a non-exclusive corridor would be 10%to 50% sl ower
due to its totally at-grade configuration. This would vary wth
the degree of' preftecitiiam (gates) and grade separation at cross
streets, the degree of mxed traffic downtown, and the priority
trains have over street traffic

0 Pre-nettreo woul d be 8% to 26% sl ower than the excl usive guideway
nodes, depending on the amount of at-grade guiideway and the
degree of protection and priority in those sections

4.2 COST SuMMARY

Capital, operating and nmintenance, and total annual costs were estimated
for each node, along each corridor, and for each passenger capacity |eve
that each node could serve. Cost results are summarized in this section;
detailed cost information is presented in Sections 9.0, 10.0, and 11.0 of
the Final Report

4.2.1 Capital Costs

Capital costs for each nmode were estimated for: 1) gui deway, 2) stations,
3) power distribution systems, 4) command, control, and signal systems, 5)
mai nt enance and storage facilities, ) vehicles, and 7) right-of-way.
Engi neering and contingency costs were added to these categories
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Figure 4-1 shows an exanple of the relative amounts of these capital cost
categories at the 10,000 pph capacity level for all nodes and both
corridors

The fol l owi ng general conclusions can be drawn from the capital cost
anal ysi s:

0 The extent of elevated guideway was a mgjor determnant of tota
capital costs. Capital cost estimates for the highway corridor
were significantly higher than the rail corridor primarily
because the former would require almst totally elevated
gui deway.

0 Vehicl e capacity was the other major factor in capital costs.
Modes with higher vehicle capacities had fewer vehicles, and,
generally, lower capital costs than nodes with snmaller vehicles.
This difference increased with capacity requirenent

0 Right-of-way costs were about the same for all nodes and for both
corridors.  Although the use of highway right-of-way in the
hi ghway corridor was assuned to be free, land costs for stations
outside of the highway right-of-way often nade this capital cost
category slightly higher than that of the rail corridor

Figure 4-2 summarizes capital costs for each node, corridor, and capacity
level .

0 Light rail in the rail corridor was the |east expensive node to
i npl ement, primarily because of its much |ower at-grade guideway
costs !

0 Pre-nettre in the rail corridor had the second | owest capita

costs at the 5,000 to 20,000 capacity |levels, again due to the
greater degree of at-grade guideway than the other nmodes. At the
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FIGURE 4= 1
TOTAL CAPITAL COSTS

AT THE 10,000 PPH CAPACITY LEVEL

1 BILLION $
R
"

f
i
900 —{it—900

et
H
1t

800—{#i— 800

o
e e e
HH SEESE:

700—{H—700

600 —{HH-—600
500 —fH— 500

400—{#—400

300—fl—300

200 —#— 200

100—f#—100

N/A

M I LR PR RR M | LR PR RR

RAIL CORRIDOR HIGHWAY CORRIDOR
LEGEND

RIGHT OF WAY M MONORAIL
AR XXX FLEET | 1CTS
HEFEIAE YARD & SHOP LR LIGHT RAIL
EESSXEes CONTROL PR PRE-METRO
POWER RR RAPID RAIL
R RS STATION

IMITEIED GUIDEWAY

27—



FIGURE 4-2
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30,000 passenger per hour capacity level, |lower fleet costs
resulted inrapid rail in the rail corridor being the | owest
capital cost node

0 Monorail had the fourth (of five) highest capital costs in the
rail corridor: its elevated guiideway savings did not offset its
higher fleet costs or the |ower at-grade guideway costs of the
ot her nodes. b

0 Light rail, pre-metro, rapid rail, and nonorail in the rai
corridor all had |ower capital costs than any node in the highway
corridor, primarily becauseof the amount of el evated guideway
required in the highway corridor

0 In the highway corridor, nonorail had the [owest capital cost at
the 5,000 and 10,000 pph capacity level s, and was second to rapid
rail atthe 20,000 pph capacity level. Mnorail and rapid rai
were both | ess expensive than pee--metre, which generally had
hi gher guideway, station (due to train length), and fleet costs

0 ICTS, regardless of corridor, had significantly higher capita
costs than the other nodes. This was primarily due to the higher
number of vehicles (each of which has sophisticated automated
control equi pnent on-board) and guiideway costs (due to the
reaction rail and higher degree of tolerances required).

A separate cost analysis of a 3.2-mille downtown subway, replacing elevated
gui deway, was undertaken for the highway corridor. The total capital cost
increases of the subway option, including engineering and contingencies
ranged from$14%7 mllion to $184 nillion. This downtown subway resulted in
increases in total costs of 21% and 31% for nonorail, 14%to 18% for ICTS,
16% to 26% f or pre-neftre, and 16%to 27% for rapid rail
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4.2.2 Operation and Mai nt enance Costs

Gven the corridors, the nodes considered, and the bases for O&M cost
estimtes, several general conclusions can be nade about Q&MI costs in these
typical Dallas corridors

0 For such simlar system configurations, the type of corridor had
little effect er? the O&M costs of each nmode. At each capacity
level, the estimated annual O&M costs for each node varied by
|l ess than three percent between highway and rail corridors.

0 At the lower capacity levels, annual Q&M costs differed
relatively little among the nodes: there was an estimated 7%
separating the | east expensive and the sixth nost expensive
nmode/ corridor conbinations. At the 20,00@ capacity |evel and
higher, the difference between the best and second best nodes
becanme nore apparent: rapid rail was 11%to 12% [ ess costly than
the other nodes. The primary reason for this difference was due
to relative vehicle capacities.

0 At low capacity levels, light rail in the rail corridor had the
| onest &M costs. As capacity requirenments increased, the
guideway exclusivity of nmost other nodes allowed relatively
fewer trains, thus |ower Q&M costs

0 Monorai | Q&M costs were about the same as those of pre—meftre at
the three capacity levels nonorail served, making it generally
the second or third best node when considering only O8M costs
i ndependent of corridor. Mnorail had the |owest Q&M cost in the
hi ghway corridor at the |owest capacity |evel. As capacity
requirements increased, the gap between nonorail and the |owest
&M cost node increased, but it remained within 15%.
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0 Because it has the largest unit capacity, rapid rail became the
| onest O&M cost nmode at the 10,000 | evel and remained so at the
hi gher capacity levels. Only the rapid rail and pee-mettre nodes
met the 30,000 capacity requirenent. Rapid rail was
significantly | ess expensive to operate and maintain at this
capacity |evel

0 I€TS consistently had the highest O8M costs in both corridors at
the capacity levels it could serve. This was due in part to: 1)
the requirenent of having train drivers/attendants on a system
designed to be automated, and 2) having relatively |ow capacity
vehicles in corridors with mediumto high capacity requirenments

These conclusions are based on estimtes of only operating and naintenance
costs. Full annual costs, that include an annualization of capital costs,
are a better indicator of both costs and cost-effectiveness, and provide a
nmore appropriate basis for nmodal conparisons

4.2.3 Total Annual Costs

Total annual costs were estimated using annuahyzed capital costs and the
annual O8M costs. An exanple of the conponents of total annual costs is
shown in Figure 4-3. Total annual costs for all mpodes, corridors, and
capacity levels are summarized in Figure 4-4. Table 4-fL provides a
relative ranking of the annualized costs of the nodes in both corridors

The results presented in Section 11.1 of the Final Report led to severa
general conclusions for the typical rail and highway corridors in Dallas
about the annual costs of each node considered in this study.

0 Annual i zed capital costs were a mgjor factor in determning
overal | nodal costs and cost-effectiveness. In this study, they
were found to constitute between 33% and 54% of total annua
costs.
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FIGURE 4=4
TOTAL ANNUAL COSTS BY MODE AND CAPACITY LEVEL
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SUMVARY OF TOTAL ANNUAL COSTS BY CAPACITY LEVEL

TABLE 4-L

Tot al
Annua
Capacity cost
_ Level Rank Mode Corridor (mllions) | ndex
5,000 1 Li ght Rail Rai | 23.8 100
2 Pre-Mettro Rai | 26.6 112
3 Rapi d Rai l Rai | 27.6 116
4 Mdbmor aiill Rai | 21.7 116
5 Monor ai | H ghway 28.8 121
b Rapi d Rai l H ghway 29.6 124
7 Pre-Nettiro H ghway 30.1 126
8 ICTS Rai | 35.4 149
9 ICTS H ghway 37.5 158
10,000 1 Rapi d Rai l Rai | 35.4 100
2 Light Rail Rai | 35.6 101
3 Pre-Metro Rai | 35.9 101
4 Rapi d Rail H ghway 37.4 106
5 Monor ai | Rai | 37.9% 107
6 Monor ai | H ghway 38.8 110
7 Pre-Metiro H ghway 39.4 112
8 ICTS Rai | 50.5 143
9 ICTS H ghway 52.9 149
20,000 1 Rapi d Rai | Rai | 51.6 100
2 Rapi d Rai l H ghway 54.8 106
3 Pre-Netiro Rai | 55.8 108
4 Monor ai | Rai | 57.8 112
5 Pre-Mettiro H ghway 58.9 114
b Monor ai | H ghway 59.9 116
7 Li ght Rail Rai | 60.0 116
30,000 1 Rapi d Rail Rai | 69.1 100
2 Rapi d Rai | H ghway 71.2 103
3 Pre-Metro Rai | 76..6 111
4 Pre-Metro H ghway 78.4 113
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Light rail in the rail corridor was the nost cost-effective node
for the lowest capacity levels and was tied for first at the
10,000 capacity |evel. The primary reason for this was the
significantly lower cost of the at-grade fixed facilities. At
hi gher capacity levels, its cost strength at the lower |evels -
nonexcl usi ve guiideway - became its weakness. Significantly nore
vehicles and several grade separations were needed to neet
capacity requirements, increasing both capital and O&M costs

Rapid rail was the nost cost-effective node at the 10,000
t hrough 30,000 capacity levels, and its margin of effectiveness
increased with the capacity level. The primary reason for the
gh standing of rapid rail was the capacity of its vehicle
Wth the largest vehicle, it required the fewest total nunber of
vehicles (giving both capital and O&M cost advantages) and the
f ewest nunber of operating trains and vehicle mles (neaning
| ower Q&M cost s)

Monorail was the nost cost-effective node in the highway
corridor at the 5,000 |evel. Wen considering all node-corridor
conbinations, nrmonorail was, at best, the fourth nost cost-
effective node at the three capacity levels it served. Its
| owest total annual costs, regardless of corridor, were between
7% and 16% hi gher than the nost cost-effective mode. Although
the larger, elevated nonorail guideway required for the urban
vehicles was |ess expensive than el evated guideways for the
other nodes, this advantage was of fset because npst other
nonorai|l capital costs were approximately equal to (e.g.
stations, power, and control systens) or even greater than (e.g
at-grade guiideway and, in sone cases, fleet) those of conpeting
fixed-gui deway nodes, while oamcosts in an urban transit
setting were conparable to those of the other nodes.



0 The light rail vehicle was cost-effective over a range of
applications, as shown by the pre-metre data. At the 5,000
capacity level, pre-nettre in the rail corridor was second nost
cost-effective:  12% higher than light rail in that corridor
Pre-mettre in the rail corridor essentially tied for first at the
10,000 | evel and third at the 20,000 | evel (by 8%, and at the
30,000 | evel (by 11%).. Pre-mettre was one of the two nodes that
could serve all four capacity ranges. Pre-metre coul d be
applied in the highway corridor, but it was anong the |east eost—
effective there, wusually ranking sixth or seventh out of the
nine node-corridor conbinations considered

0 ICTS was the least cost effective of any node in any corridor at
the two capacity levels that it could serve. This was, in part,
because in this study, ICTS was not permtted to take advantage
of its automation: by local policy decision each train had a
driver/attendant. Also, its vehicles had the | owest capacity of
any in this study, yet were estinmated to be as expensive as any
of the others, even those that can carry nearly three tines the
nunber of passengers. Wth many nore vehicles required at each
capacity level, fCFS had much hi gher capital and O&M costs.

The total annual cost results suggested a conclusion about corridors, as
well. In nost cases, the annual OfM costs were about the sanme for either
corridor application of each node: yet, the corresponding total annua

costs for rail applications were always less. Fixed facilities and tight-
of -way costs were higher in the highway corridor, as much nore elevated
guideway Wwas needed, the construction was found to be nore difficult, and
adj acent land was nore expensive
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4.2.4 Fare Anal yses

A fare anal yses was undertaken to determ ne what fare would be required for
each nmode, at each capacity level to recover 50% and 100% of annual costs
and to recover 50% and 100% of total annual costs.

The anal yses showed that:

0 O8&M cost recover fares were nearly the sane for both corridors
At the 5,000 capacity level, fares to recover 100% of annual O&M
costs varied between $1.19 (light rail) and $1.41 (i€TS),,
regardl ess of corridor. At the 10,000 capacity |evel, these
fares declined to between $.84 (rapid rail) and $1.0%5 (i1€TS).. At
hi gher capacity levels, these declined further to between 50¢
and 808..

0 Fares to recover total annual costs were between 1.5 and 2 times
hi gher than fares to recover O&M costs. Such fares were higher
for modes in the highway corridor than the same node in the rai
corridor.

5.0 DECI SI ON MAKI NG PROCESS

To assist in structuring a decision naking process for selecting anong
fixed guideway transit nodes, an exanple decision framework was prepared
to identify the various trade-offs to be considered. This framework
focused on the concerns of four distinct groups of people: 1) the users of
the new system 2) non-users who would be affected by its deploynent: 3)
agency personnel who would direct its design, construction and operation
and 4) the governing board that woul d establish policy and oversee
operations, perfornance, and expansion

The decision framework was prepared in two steps. First, the key issue

findings of the study were reviewed to determ ne which would have rel evance
to each of the four groups of people identified above.
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Second, each key issue was analyzed to illustrate how the decision m ght
change depending on a decision maker's particular focus. Finally, a form
for inplenmenting the suggested decision making process was offered

Consi derations for deploying one technology or multiple (different)
technol ogies in a service area were also presented as part of this decision
maki ng process.
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| NTRODUCTI ON TO SUPPLI ER COMMENTS

This Dall as Fi xed Guiideway Rapi d Transit Mde Anal ysis was undertaken to
conpare two nodes currently not in wide application, nonorail and ICTS,

wi th nodes that have extensive application in the United States and
wor | dwi de: light rail, pre-mettre, and rapid rail. Because data for
monorai |l and ICTS are limted, it was essential to enlist the support and
cooperation of the three affected suppliers: H tachi, Ltd. and WED
Transportation Systems, Inc.  (w&D) for monorail, and the Urban
Transportation Devel opment Corporation (UTFDQ) for ICES. Accordingly, this
study effort proceeded in close coordination with these firms, including
site visits, nmeetings, and oral and witten exchanges of information: and
the Consultant teamis grateful for their cooperation and assistance

Some of these suppliers requested that they be pernitted to review the
final draft documents and provide coments, in the interest of ensuring
that information about their products was correct and conplete. This was
done, and supplier comments were considered in developing the final text of
the report. There remain, however, sone differences of professiona

opinion, interpretation, and perceptions of fact. At the request of two
suppliers, and in keeping with the cooperation established with the
suppliers, the Consultant team wth the approval of the client, agreed to
incorporate comments fromthe three suppliers as appendices to the Fina

Report and this Executive Sumary. VED and UTDC subnitted comments;

Hitachi did not.

The reader is encouraged to recognize the follow ng when reading these
supplier conmments and to refer to the conplete text of the report when
eval uating them

1. These coments are provided by organizations marketing a product
that is new in urban transit applications



The Consultant team has not edited these coments in any way;
they are included exactly as they were received. Some comments
are out of context, and some are inconplete in that they nention
only the beneficial aspects related to their products

Sone comrents respond to earlier draft versions, to which
changes have subsequently been made. Thus these comments may no
| onger be pertinent.

These coments do not indicate the total scope of the study:
neither do they reflect the bal anced assessnment of all the nodes
contained in the Report

The Consultant team does not take any responsibility for the
accuracy or validity of any of these conments by the suppliers.

The Consultant teamis also not responsible for nor necessarily
in agreenent with, the suppliers' inferences fromthis study and
extrapol ations to the ongoing Dallas and DART transit planning
process.



DI SNEY- TURNER TEAM

EXECUTI VE SUMVARY

The needs of the Dallas Area can only be served through
area-wi de transportation planning as enbodied in the DART concept.
Qbviously, mass transportation is an essential elenent in solving
the long-term gromh needs of the Dallas Area and conparative
data as contained in the report can be vital to final system
pl anni ng by a permanent DART authority.

We conplinment the Consultant Team on their very conprehensive
study of rail technol ogies, including nonorail, and after the
initial study was presented, appreciate the consideration and
inclusion of the majority of the 200 comments submtted by WED
Wiile there exists some renmining professional differences of
opinion in significant areas, the "study's bottom line" is that
all technol ogies considered will be capable of successfully
accommodating the transportation needs of the Dallas Area in a
safe and reliable nmanner.

It has been difficult to summarize comments on this conpre-
hensive study in the relatively short allotted space of ten pages
contained in the detailed report and a two-page Executive Sumary.
Therefore, phrases have been extracted from the study and incor-
porated in comments even at the risk of being criticized for
"taking things out of context." However, in all references,
information is only used when the full text supports the reference.

W feel the fundanmental concl usions are:

1) Each technology is cost effective in
specific applications.

2) As detailed systens planning begins to
take place, remaining "technol ogi ca
differences" will tend to narrow, with
all being feasible and with no clear
best technol ogy.



3) Al technol ogies (excluding ICTS),, in
each application, have a cost range no
greater than 16%, with each being the
nost cost effective in certain corridors.
Certainly, with order of magnitude costs
estimates, a too-close-to-call scenario
exi sts.

4) As transit planning evolves in the Dallas
Area, we feel that final solutions wll
tend to be in the "nore elevated configura-
tion" and in the capacity ranges where
nmonorail is cost effective when conpared
to other technol ogi es.

5) Final planning needs to be performed and
all technol ogi es should be allowed to
conpete and deci sions nade based upon
conpetitive costs, rather than relying on
prelimnary engineering estimates which
by their very nature, do not incorporate
detail ed technol ogical nor applications
engi neering.

Finally, since this Executive Summary does not allow space
for detailed discussions on any particular item we encourage
readers to closely review the detailed coments regarding the
nonorail nade by us elsewhere in the full report.
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Marck): 23, 1983

M. Dennis M. Elliott

Lea, Elliott, NtGean/Delieuw, Cather
1000 West Randall M 1| Road
Arlington, Texas 76012

Dear M. Elliott:

I appreciate the opportunity to review a copy of the Draft Final Report
on the palas Fi xed Guideway Rapid Transit Mde Analysis subnmitted with
your March 21,, 1383 letter.

| also understand that many of the comments by our M. E. F. Ries,
Seitior Vice President Mrketing and Product Applications were incor-
por at ed i your text, and that his letter dated March 4, 1983 wil |
be incorporated in your final report.

Nevertheless, I find one' remining, fundanental point that has to be
made at the very introduction of your report which otherwise is a

hi ghly professional undertaking. When significantly different transit
nodes are conpared, as you well know, each nbde needs to be optim zed
within its own capabilities and constraints for the given application.
This clearly could not be done in this report for tCTS because of sone
arbitrary perceptions and ground rules inmposed upon the study. In
view of this, I respectfully request that you include the folllowwing
text in Section 1.0 Introduction of your final report:

"IATS i s uni que amony the candi date systens considered in this report,
it is the Bllly representative of a new class of transit altetrmattiivess
known as Automated Guideway Transit (AGL)..

A subsidiary of Urban Transportation Development Corporation Ltd.
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ICTS (as other systens in the AGT class) was devel oped and is under contract
for construction in Detroit and Vancouver, BC, as a fully automated transit
system with un-nanned (driverless) operation of trains or vehicles in urban
appl i cati ons.

Because of perceived requirenents in Dallas, driverless operation of trains
is not allowed in this conparative anal ysis. Simlarly, the operational
assunptions limt the pernitted headways to two mnutes, inspite of the

cl ai med ICTS capability to operate at 60 seconds headway. Thus ICTS pass-
enger carrying capacity is reduced throughout this analysis.

These two limtations force the ICTS systemto appear |ess effective and
more costly in this unintended, conventional, nanually operated applica-
tion than in its intended, autonated operational node in other cities."
Pl ease feel free to make minor editorial changes, provided you retain the
essence of this clarification. Your inclusion of this letter in your
report will be also appreciated.

| thank you for providing the opportunity to comment on your work.

PER" 1550 Y]

GMJ. ¥ Pastor
Pr esi dent
UTDC (USA) Inc.

GIP/delllp

cc: M's. Adlene Harri son, Chairman
M. Maurice Carter

Interi mReqgiionall Transportation Authority
Suite 201, Lovefield Terminal Building
Lock Box 12

Dal | as, Texas 7523%
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NOTICE

This document is disseminated under the sponsorship of the
Department of Transportation in the interest of information
exchange. The United States Government assumes no liability
for its contents or use thereof.

This report is being distributed through the U.S. Department
of Transportation’s Technology Sharing Program.
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